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Abstract — The linear failure rate (hazard) and generalized 
linear failure rate (hazard) distributions are uniquely identified by 
their linear hazard functions. In this paper, homogenous ordinary 
differential equations (ODES) of different orders were obtained for 
the probability functions of linear failure rate and generalized 
linear failure rate distributions. This is possible since the 
aforementioned probability functions of the distributions are 
differentiable and the former distribution is a particular case of the 
later. Differentiation and modified product rule were used to derive 
the required ODEs, whose solutions are the respective probability 
functions. The different conditions necessary for the existence of 
the ODEs were obtained and it is in consistent with the support 
that defined the various probability functions considered. The 
parameters that defined each distribution greatly affect the nature 
of the ODEs obtained. This method provides new ways of 
classifying and approximating other probability distributions apart 
from one considered in this research. Algorithms for 
implementation can be helpful in improving the results.  
 
Keywords — Differentiation, product rule, quantile function, 
failure rate, approximation, hazard function, inverse survival 
function.   
 
I. INTRODUCTION 
IFFERENT mathematical techniques are viable tools in 
statistics. In mathematical statistics, different 
mathematical areas are used heavily in better understanding 
of probability distributions. Some of these are calculus, 
differential equations, algebra, measure theory, fixed point 
and topology and so on. Hitherto most of the use of ordinary 
differential equation (ODE) is often in mode and parameter 
estimation and approximation. Approximation of quantile 
function features prominently in the use of ODE in 
approximation [1-6].                                                                                           
Few available literatures have considered the study of the 
ODE of different probability functions of the studied 
distribution in particular and probability distributions in 
general. The available ones contain previous works done on 
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the ODE of the following distributions:  beta distribution [7], 
Lomax distribution [8], beta prime distribution [9], Laplace 
distribution [10] and raised cosine distribution [11]. 
  Derivation of homogenous ordinary differential 
equations for the probability density function (PDF), 
survival function (SF), inverse survival function (ISF), 
hazard function (HF) and reversed hazard function (RHF) of 
linear failure rate and generalized linear failure rate 
distributions was considered in this paper. This will also 
help to provide the answers as to whether there are 
discrepancies between the support of the distribution and the 
conditions necessary for the nature and existence of the 
ODEs. Similar results for other distributions have been 
proposed and can be seen in [12-24]                                                                     
The linear failure rate (hazard) and generalized linear 
failure rate (hazard) distributions are uniquely identified by 
their linear hazard function and the former is generalized to 
obtain the later distribution.   
The details of the linear failure distribution can be found 
in [25]. Kantam et al. [26] gave the detailed comparison 
between the distribution and the Rayleigh distribution while 
Block et al. [27] reviewed some mixture of distributions 
with linear failure rates. Estimation of parameters of the 
distribution has been explored intensively such as: Bayes 
estimate [28], detailed inference procedures [29], Bayesian 
estimation based on records [30], use of simulation in the 
Bayesian estimates of the parameters [31], parameter 
estimation by the use of masked data [32], Bayesian 
inference for randomly progressive random censored 
samples [33].                                                                            
The variants or generalizations and modifications of the 
distribution include: Generalized Linear Failure rate 
distribution was proposed by Sarhan and Kundu [34].                                                                                                    
Others are: bivariate linear failure rate distribution [35-
36], bivariate and multivariate generalized linear failure rate 
distribution [37], McDonald generalized linear failure rate 
distribution [38], modified generalized linear failure rate 
distribution [39], new five parameter modified generalized 
linear failure rate distribution [40], beta-linear failure rate 
distribution [41] and extended linear failure rate distribution 
[42].                                                                           
Others are: bivariate generalized linear failure rate-power 
series class of distributions [43], Kumaraswamy generalized 
linear failure rate distribution [44], extension of the 
generalized linear failure rate distribution [45], generalized 
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 linear failure rate power series distribution [46], Poisson 
generalized linear failure rate distribution [47] and beta 
linear failure rate geometric distribution [48]. The 
distribution was applied by Bain [49] in the analysis of 
lifetime data.           
The ordinary differential calculus was used to obtain the 
results presented in different sections.    
                                   
II. LINEAR FAILURE RATE DISTRIBUTION 
A Probability Density Function 
The PDF of the Linear failure rate distribution is given as; 
 
2
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2( ) ( )e
bxax
f x a bx
− +
= +                         (1) 
When 0 & 0b a= ≠  , the distribution reduces to the 
exponential distribution.                                                             
When 0 & b 0a = ≠  , the distribution reduces to the 
Rayleigh distribution.                                                                                                                                                      
Differentiate equation (1), to obtain;     
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The equation can only exists for  0, 0.a b x− ≠ >                                                              
The first order ODE for the PDF of the Linear failure rate 
distribution is given by;         
 2( ) ( ) ( ( ) ) ( ) 0a bx f x b a bx f x′+ − − + =         (4)
  
( )
2(1) ( )e
ba
f a b
− +
= +                             (5) 
Special cases are considered;                         
When 0 & 0b a= ≠ , equation (4) becomes;      
 ( ) ( ) 0f x af x′ + =                                        (6) 
When 0 & b 0a = ≠ , equation (4) becomes;      
 2( ) (1 ) ( ) 0xf x bx f x′ − − =                        (7) 
 
B Quantile Function                           
The QF of the Linear failure rate distribution is given as;  
 2( ) ( ) ln(1 )
2
baQ p Q p p+ = − −             (8) 
Differentiate equation (8) to obtain;                                            
 
1( ) ( ) ( )
1
aQ p bQ p Q p
p
′ ′+ =
−
            (9) 
The equation can only exists for 0,0 1.a b p− ≠ < <                                                                 
The first order ODE for the QF of the Linear failure rate 
distribution is given by;  
 (1 )( ( )) ( ) 1 0p a bQ p Q p′− + − =                (10)
 2(0.1) (0.1) 0.1054
2
baQ Q+ =              (11)
 
22 2 0.21(0.1)
2
a a bQ
b
− ± +
=           (12) 
Special cases are considered;                         
When 0 & 0b a= ≠ , equation (10) becomes;     
 (1 ) ( ) 1 0a p Q p′− − =                           (13) 
When 0 & b 0a = ≠ , equation (10) becomes;     
 (1 ) ( ) ( ) 1 0b p Q p Q p′− − =                   (14)
                                  
C Survival Function 
 
The SF of the Linear failure rate distribution is given as;  
 
2( )
2( ) e
bat t
S t
− +
=                                       (15) 
Differentiate equation (15) to obtain;                                            
 
2( )
2( ) ( )e
bat t
S t a bt
− +
′ = − +                       (16) 
The equation can only exists for 0, 0a b t− ≠ > .                                                                               
The first order ODE for the SF of the Linear failure rate 
distribution is given by;    
 ( ) ( ) ( ) 0S t a bt S t′ + + =                       (17)
 
( )
2(1) e
ba
S
− +
=                                           (18) 
Special cases are considered;                         
When 0 & 0b a= ≠ , equation (17) becomes;     
 ( ) ( ) 0S t aS t′ + =                                   (19) 
When 0 & b 0a = ≠ , equation (17) becomes;     
 ( ) ( ) 0S t btS t′ + =                                   (20)
                                    
D Inverse Survival Function 
The ISF of the Linear failure rate distribution is given as;  
 2( ) ( ) ln
2
baQ p Q p p+ = −                   (21) 
Differentiate equation (21) to obtain;                                            
 
1( ) ( ) ( )aQ p bQ p Q p
p
′ ′+ = −               (22) 
The equation can only exists for 0,0 1.a b p− ≠ < <                                                         
The first order ODE for the ISF of the Linear failure rate 
distribution is given by;         
 ( ( )) ( ) 1 0p a bQ p Q p′+ + =                   (23)
  2(0.1) (0.1) 2.3025
2
baQ Q+ =           (24)
  2(0.1) 2 2 4.605aQ a b
b
= − ± −             (25)
                                  
E Hazard Function 
                                                                                                                     
The HF of the Linear failure rate distribution is given as;  
 ( )h t a bt= +                                           (26) 
Differentiate equation (26) to obtain;                                            
 ( )h t b′ =                                                   (27) 
From equation (26), it can be obtained that;       
 
( )h t ab
t
−
=                                           (28) 
Substitute equation (28) into equation (27);       
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( )( ) h t ah t
t
−′ =                                       (29) 
The first order ODE for the HF of the Linear failure rate 
distribution is given by;      
 ( ) ( ) 0th t h t a′ − + =                               (30)
 (1)h a b= +                                               (31) 
When 0 & 0b a= ≠ , equation (27) becomes;     
 ( ) 0h t′ =                                                   (32) 
When 0 & b 0a = ≠ , equation (30) becomes;     
 ( ) ( ) 0th t h t′ − =                                       (33) 
The nature of the ODEs point to the linearity of the hazard 
function. 
F Reversed Hazard Function 
The RHF of the Linear failure rate distribution is given as; 
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Differentiate equation (34) to obtain;                      
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The equation can only exists for 0, 0a b t− ≠ > .                                           
 ( )( ) ( ) ( ) ( ) ( )bj t a bt b a bt bj t j t′ = + − + −          (37) 
The first order ODE for the RHF of the Linear failure rate 
distribution is given by;           
2( ) ( ) ( 1)( ) ( ) 0bj t bj t b a bt j t′ + + − + =                  (38)       
( )
2
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2 2
( )e(1)
1 e e 1
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a b a bj
− +
− + +
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− −
             (39)
                     
III. GENERALIZED LINEAR FAILURE RATE DISTRIBUTION  
     
A Probability Density Function 
The PDF of the Generalized Linear failure rate distribution 
is given as;         
 
2 21
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f x a bx
θ
θ
−
− + − + 
= + − 
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        (40) 
When 1θ = , equation (40) reduces to the Linear failure rate 
distribution.                                                                When 
0 & 0,b a= >  equation (40) reduces to the Generalized 
exponential distribution.                                                             
When 0 & b 0a = > , equation (40) reduces to the 
Generalized Rayleigh distribution.                                                                                                                                                       
 
Differentiate equation (40), to obtain;    
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The equation can only exists for 0, , 0a b x θ− ≠ > .                                                          
The ODEs can only be derived for any given values of 
,  and .a b θ                                                                                
When 1θ = , equation (41) becomes;         
 ( ) ( ) ( )bf x a bx f x
a bx
 ′ = − + + 
                  (42)
  2( ) ( ) ( ( ) ) ( ) 0a bx f x b a bx f x′+ − − + =       (43) 
To obtain a simpler ODE, differentiate equation (41);   
 
2
2
2 2
2 2
( )
2
( )
2
2
2
( ) ( )22 2
( ) ( )
2 2
( 1)( ) e
( ) ( )1 e
( )
( )
( )
( 1) e ( 1)( ) e
1 e 1 e
(( 1)(
bxax
bxax
bx bxax ax
bx bxax ax
b a bx
a bxf x f x
a bx
b b f x
a bx
b a bx
θ
θ θ
θ
− +
− +
− + − +
− + − +
 
− + +  +  ′′ ′=  −     
− +  
 
− + 
+ 
− − +
−
   
− −      
   
+
−
−
2
2
( ) 22
2
( )
2
( )
) e )
1 e
bxax
bxax
f x
a bx
− +
− +
 
 
 
 
  
 
 + 
  
 −     
                                                                                          (44) 
The equation can only exists for 0, , 0a b x θ− ≠ > .                                                           
These presented equations derived from equation (41) are 
required in the evaluation of equation (44);        
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Substitute equations (45), (47), (48) and (50) into equation 
(44) to obtain;   
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Special cases of the second order differential equation for 
the PDF of the generalized linear failure rate distribution are 
considered;                                                                              
When 0 & 0b a= > , equation (51) becomes;    
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When 0 & b 0a = > , equation (51) becomes;     
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B Quantile Function 
The QF of the generalized Linear failure rate distribution is 
given as;        
 
1
2( ) ( ) ln(1 )
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baQ p Q p pθ+ = − −        (56)                                      
Differentiate equation (56) to obtain;                                            
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The equation can only exists for  
 0, 0,0 1a b pθ− ≠ > < <  .                                         
 
1
1( ( )) ( )
(1 )
pa bQ p Q p
p p
θ
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1 1
(1 )( ( )) ( ) 0p p a bQ p Q p pθ θθ ′− + − =            (59)                      
The ODE can be derived for any given values of a, p and θ.    
When 1,θ =  equation (58) becomes;        
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−
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 (1 )( ( )) ( ) 0p p a bQ p Q p pθ ′− + − =           (61)       
To obtain a much simpler ODE, differentiate equation (57); 
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The equation can only exists for  
0, 0,0 1a b pθ− ≠ > < < .                                           
Substitute equation (57) into equation (62);      
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 ( (0)) (0) 0 (0)a bQ Q Q′ ′+ = ⇒             (64)              
Different cases are considered;                        
When 1,θ =  equation (63) becomes;        
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When 0 & 0b a= > , equation (60) becomes;     
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 2( ) ( ) ( 1) ( ) 0pQ p a pQ p Q pθ θ θ′′ ′ ′− + − =  (67) 
When 0 & b 0a = > , equation (63) becomes;     
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C Survival Function 
The SF of the generalized Linear failure rate distribution is 
given as;          
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Differentiate equation (70) to obtain;                                         
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The equation can only exists for 0, , 0a b t θ− ≠ > .                                                                  
These equations derived from equation (70) are required in 
further simplification of equation (71);        
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Substitute equations (72)-(74) into equation (75);     
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The ODEs can be derived for any given values of a, p and θ. 
When 1,θ =  equation (73) becomes;        
 ( ) ( ) ( ) 0S t a bt S t′ + + =                         (78) 
 
D Inverse Survival Function                         
The ISF of the generalized Linear failure rate distribution is 
given as;        
 
1
2( ) ( ) ln(1 (1 ) )
2
baQ p Q p p θ+ = − − −          (79)                                      
Differentiate equation (79) to obtain;                                            
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The equation can only exists for  
0, 0,0 1a b pθ− ≠ > < < .                                                     
The ODEs can be derived for any given values of a, p and θ.    
When 1,θ =  equation (81) becomes;       
 ( ( )) ( ) 1 0p a bQ p Q p′+ + =                  (82)       
When 2,θ =  equation (81) becomes; 
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E Hazard Function 
The HF of the generalized Linear failure rate distribution is 
given as;          
 
2 2
2
( ) ( )12 2
( )
2
( )(1 e ) e( )
1 (1 e )
b bat t at t
bat t
a bth t
θ
θ
θ
− + − +−
− +
+ −
=
− −
        (84)                                      
Differentiate equation (84) to obtain;                                     
2
2
( )
2
( )
2
( 1)( ) e
( ) ( )
1 e
( ) ( )
btat
btat
b a bt
h t h ta bt
a bt h t
θ
− +
− +
 
− + + ′ = + 
− 
 − + + 
  (85)             
The equation can only exists for 0, , 0a b t θ− ≠ > .                                                        
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 Differentiate equation (85) and using the results obtained 
from the PDF. This is easily done by the modification of 
equation (51);   
 
2
2
2
2
( ) ( )
( )( )( )
( ) 1 ( ) ( )
1 ( )
( ) ( )
( )
            ( )
( )
( )
b h t ba bt h t
a bt h t a bth th t
h t h t ba bt h t
h t a bt
h t ba bt a bt h t
h t a bt
h t
b b h t
a bt
θ
 ′ 
+ + − −  + +′  ′′ = +  ′ − + + − −  − + 
′ 
+ + + − −  + −

′− − + 
+ 
                                                     (86)                         
The equation can only exists for 0, , 0a b t θ− ≠ > .                                
 
( ) ( )12 2
( )
2
( )(1 e ) e(1)
1 (1 e )
b ba a
ba
a bh
θ
θ
θ
− + − +−
− +
+ −
=
− −
                   (87)     
     
( )
2
( )
2
( 1)( ) e
(1) (1)
1 e
( ) (1)
ba
ba
b a b
h ha b
a bt h
θ
− +
− +
 
− + + ′ = + 
− 
− + +  
  (88)            
Different cases are considered;                        
When 0 & 0b a= > , equation (86) becomes;    
 
22 ( ) 1 ( )( ) ( )
( ) 1 ( )
( ) ( ) ( ) ( )
( )
h t h th t a h t
h t h t
h ta a h t h t h t
h t
θ
′ ′ ′′ = − + −  −  
′  ′+ + − −  
  
 (89) 
When 0 & b 0a = > , equation (86) becomes;    
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2
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1 ( ) 1 ( )
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1 ( )
( ) 1 1( ) ( ) ( )
( )
h t bt h t
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′  ′′ = +  ′ − + − −  −  
′  ′− + − − − − +  
  
        
                                                                             (90)  
F Reversed Hazard Function 
The RHF of the generalized Linear failure rate distribution is 
given as;          
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                        (91)                                      
Differentiate equation (91) to obtain;                                        
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                                                     (92)                    
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                                                                                      (93)                
The equation can only exists for 0, , 0a b t θ− ≠ > .                                      
 
( )( ) ( ) ( )b j tj t a bt j t
a bt θ
 ′ = − + − 
+ 
           (94)                   
The first order ODE for the RHF of the generalized Linear 
failure rate distribution is given by;      
 
2
2
( ) ( ) (( ) ) ( )
( ) ( ) 0
a bt j t a bt b j t
a bt j t
θ θ′+ + + −
− + =
               (95)                  
 
( )
2
( ) ( )
2 2
( )e ( )(1)
1 e e 1
ba
b ba a
a b a bj θ θ
− +
− + +
+ +
= =
− −
        (96) 
IV. CONCLUDING REMARKS 
    Differentiation and modified product rule were used to 
obtain the ordinary differential equations (ODES) of 
different orders for the probability functions  of linear failure 
rate and generalized linear failure rate distributions. This 
was largely due to differentiability of the probability 
functions. Every changes in the parameters result to a unique 
ODE. Overall, the ODEs are in consistent with the support 
and parameter domains that characterize the distributions. In 
addition, several research methods can be used to derive the 
solutions of the ODEs [50-67]. This method of 
characterizing distributions cannot be applied to 
distributions whose PDF or CDF are either not differentiable 
or the domain of the support of the distribution contains 
singular points.  
ACKNOWLEDGMENT 
The comments of the reviewers were very helpful and led 
to an improvement of the paper. This research benefited 
from sponsorship from the Statistics sub-cluster of the 
Industrial Mathematics Research Group (TIMREG) of 
Covenant University and Centre for Research, Innovation 
and Discovery (CUCRID), Covenant University, Ota, 
Nigeria.   
REFERENCES 
[1] G. Steinbrecher, G. and W.T. Shaw, “Quantile mechanics” Euro. J. 
Appl. Math., vol. 19, no. 2, pp. 87-112, 2008. 
[2] J. Leydold and W. Hörmann, “ Generating generalized inverse 
Gaussian random variates by fast inversion,” Comput. Stat. Data 
Analy., vol. 55, no. 1, pp. 213-217, 2011. 
INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING Volume 12, 2018 
ISSN: 1998-4464 601
 [3] H.I. Okagbue, M.O. Adamu and T.A. Anake “Quantile 
Approximation of the Chi-square Distribution using the Quantile 
Mechanics,” In Lecture Notes in Engineering and  Computer 
Science: Proceedings of The World Congress on Engineering and 
Computer Science 2017, 25-27 October, 2017, San Francisco, 
U.S.A., pp 477-483. 
[4] C. Yu and D. Zelterman, “A general approximation to quantiles”, 
Comm. Stat. Theo. Meth., vol. 46, no. 19, pp. 9834-9841, 2017. 
[5] I.R.C. de Oliveira and D.F. Ferreira, “Computing the noncentral 
gamma distribution, its inverse and the noncentrality parameter”, 
Comput. Stat., vol. 28, no. 4, pp. 1663-1680, 2013. 
[6] H.I. Okagbue, M.O. Adamu and T.A. Anake “Solutions of Chi-square 
Quantile Differential Equation,” In Lecture Notes in Engineering and 
Computer Science: Proceedings of The World Congress on 
Engineering and Computer Science 2017, 25-27 October, 2017, San 
 Francisco, U.S.A., pp 813-818.  
[7] W.P. Elderton,  Frequency curves and correlation, Charles and Edwin 
Layton. London, 1906. 
[8] N. Balakrishnan and C.D. Lai, Continuous bivariate distributions, 
2nd edition, Springer New York, London, 2009.     
[9] N.L. Johnson, S. Kotz and N. Balakrishnan, Continuous Univariate 
Distributions, Volume 2. 2nd edition, Wiley, 1995. 
[10] N.L. Johnson, S. Kotz and N. Balakrishnan, Continuous univariate 
distributions, Wiley New York. ISBN: 0-471-58495-9, 1994.    
[11] H. Rinne, Location scale distributions, linear estimation and 
probability plotting using MATLAB, 2010.   
[12] H.I. Okagbue, P.E. Oguntunde, P.O. Ugwoke, A.A. Opanuga 
“Classes of Ordinary Differential Equations Obtained for the 
Probability Functions of Exponentiated  Generalized Exponential 
Distribution,” In Lecture Notes in Engineering and Computer 
 Science: Proceedings of The World Congress on Engineering and 
Computer Science  2017, 25-27 October, 2017, San Francisco, 
U.S.A., pp 192-197.  
[13] H.I. Okagbue, P.E. Oguntunde, A.A. Opanuga, E.A. Owoloko 
“Classes of Ordinary Differential Equations Obtained for the 
Probability Functions of Fréchet Distribution,”  In Lecture Notes in 
Engineering and Computer Science: Proceedings of The World 
 Congress on Engineering and Computer Science 2017, 25-27 
October, 2017, San Francisco, U.S.A., pp 186-191.  
[14] H.I. Okagbue, S.A. Bishop, A.A. Opanuga, M.O. Adamu “Classes of 
Ordinary Differential Equations Obtained for the Probability 
Functions of Burr XII and Pareto Distributions,”  In Lecture Notes in 
Engineering and Computer Science: Proceedings of The World 
 Congress on Engineering and Computer Science 2017, 25-27 
October, 2017, San Francisco, U.S.A., pp 399-404. 
[15] H.I. Okagbue, A.A. Opanuga, E.A. Owoloko, M.O. Adamu “Classes 
of Ordinary Differential Equations Obtained for the Probability 
Functions of Cauchy, Standard Cauchy and Log-Cauchy 
Distributions,” In Lecture Notes in Engineering and Computer 
Science: Proceedings of The World Congress on Engineering and 
Computer Science 2017, 25-27 October, 2017, San Francisco, 
U.S.A., pp 198-204. 
[16] H.I. Okagbue, M.O. Adamu, A.A. Opanuga and J.G. Oghonyon 
“Classes of Ordinary Differential Equations Obtained for the 
Probability Functions of 3-Parameter Weibull Distribution,” In 
Lecture Notes in Engineering and Computer Science: Proceedings of 
The World Congress on Engineering and Computer Science 2017, 
25-27 October, 2017, San Francisco, U.S.A., pp 539-545. 
[17] H.I. Okagbue, M.O. Adamu, E.A. Owoloko and A.A. Opanuga 
“Classes of Ordinary Differential Equations Obtained for the 
Probability Functions of Gompertz and Gamma Gompertz 
Distributions,” In Lecture Notes in Engineering and Computer 
Science: Proceedings of The World Congress on Engineering and 
Computer Science 2017, 25-27 October, 2017, San Francisco, 
U.S.A., pp 405-411. 
[18] H.I. Okagbue, M.O. Adamu, E.A. Owoloko and S.A. Bishop “Classes 
of Ordinary Differential Equations Obtained for the Probability 
Functions of Half-Cauchy and Power Cauchy  Distributions,” In 
Lecture Notes in Engineering and Computer Science: Proceedings of 
 The World Congress on Engineering and Computer Science 2017, 
25-27 October, 2017, San Francisco, U.S.A., pp 552-558. 
[19] H.I. Okagbue, A.A. Opanuga, E.A. Owoloko and M.O. Adamu 
“Classes of Ordinary Differential Equations Obtained for the 
Probability Functions of Exponentiated Fréchet Distribution,” In 
Lecture Notes in Engineering and Computer Science: Proceedings of 
The World Congress on Engineering and Computer Science 2017, 
25-27 October, 2017, San Francisco, U.S.A., pp 546-551. 
[20] H.I. Okagbue, O.O. Agboola, P.O. Ugwoke and A.A. Opanuga 
“Classes of Ordinary Differential Equations Obtained for the 
Probability Functions of Exponentiated Pareto  Distribution,” In 
Lecture Notes in Engineering and Computer Science: Proceedings of 
The World Congress on Engineering and Computer Science 2017, 
25-27 October, 2017, San Francisco, U.S.A., pp 865-870. 
[21] H.I. Okagbue, P.E. Oguntunde, A.A. Opanuga and E.A. Owoloko 
“Classes of Ordinary Differential Equations Obtained for the 
Probability Functions of Exponential and  Truncated Exponential 
Distributions,” In Lecture Notes in Engineering and Computer 
Science: Proceedings of The World Congress on Engineering and 
Computer Science 2017, 25-27 October, 2017, San Francisco, 
U.S.A., pp 858-864. 
[22] H.I. Okagbue, O.A. Odetunmibi, A.A. Opanuga and P.E. Oguntunde 
“Classes of Ordinary Differential Equations Obtained for the 
Probability Functions of Half-Normal Distribution,” In Lecture Notes 
in Engineering and Computer Science: Proceedings of The  World 
Congress on Engineering and Computer Science 2017, 25-27 
October, 2017, San Francisco, U.S.A., pp 876-882. 
[23] H.I. Okagbue, O.O. Agboola, A.A. Opanuga and J.G. Oghonyon 
“Classes of Ordinary Differential Equations Obtained for the 
Probability Functions of Gumbel Distribution,”  In Lecture Notes in 
Engineering and Computer Science: Proceedings of The World 
 Congress on Engineering and Computer Science 2017, 25-27 
October, 2017, San Francisco, U.S.A., pp 871-875. 
[24] H.I. Okagbue, M.O. Adamu, E.A. Owoloko and E.A. Suleiman 
“Classes of Ordinary Differential Equations Obtained for the 
Probability Functions of Harris Extended  Exponential 
Distribution,” In Lecture Notes in Engineering and Computer 
Science: Proceedings of The World Congress on Engineering and 
Computer Science 2017, 25-27 October, 2017, San Francisco, 
U.S.A., pp 883-888.    
[25] A. Sen, “Linear hazard rate distribution”, Encyclopedia of Statistical 
Sciences, 2006.     
[26] R.R.L. Kantam, M.C. Priya and M.S. Ravikumar, “Discrimination 
Between Linear Failure Rate Distribution And Rayliegh 
Distribution”,  J.  Relia. Stat. Studies, vol. 7, pp. 9-17, 2014.        
[27] H.W. Block, T.H. Savits and E.T. Wondmagegnehu, “Mixtures of 
distributions with increasing linear failure rates”, J. Appl. Prob., vol. 
40, no. 2, pp. 485-504, 2003.          
[28] A.L. Pandey, A. Singh and W.J. Zimmer, “Bayes estimation of the 
linear hazard-rate model”, IEEE Transac. Relia., vol. 42, no. 4, pp. 
636-640, 1993.                                             
[29] A. Sen and G.K. Bhattacharyya, “Inference procedures for the linear 
failure rate model”, J. Stat. Plan. Infer., 46(1), 59-76, 1995.  
[30] C.T. Lin, S.J. Wu and N. Balakrishnan, “Parameter estimation for the 
linear hazard rate distribution based on records and inter-record 
times”, Comm. Stat.Theo. Meth., vol. 32, no. 4, pp. 729-748, 2003.    
[31]  C.T. Lin, S.J. Wu and N. Balakrishnan, “Monte Carlo methods for 
Bayesian inference on the linear hazard rate distribution”, Comm. 
Stat. Simul. Comput., vol. 35, no. 3, pp. 575-590, 2006. 
[32] A.M. Sarhan, “Parameter estimations in linear failure rate model 
using masked data”, Appl. Math. Comput., vol. 151, no. 1, pp. 233-
249, 2004.  
[33] A. Sen, N. Kannan and D. Kundu, “Bayesian planning and inference 
of a progressively censored sample from linear hazard rate 
distribution”, Comput. Stat. Data Analy., vol. 62, pp. 108-121, 2013.  
[34]  A.M. Sarhan and D. Kundu, “Generalized linear failure rate 
distribution”, Comm. Stat. Theo  Meth., vol. 38, no. 5, pp. 642-660, 
2009.                                                                                                                                                                                                                                                                                             
[35] A.P. Basu, “Bivariate failure rate”, J. Amer. Stat. Assoc., vol. 66, no. 
333, pp. 103-104, 1971.           
[36] D.D. Hanagal and K.A. Ahmadi, “Bivariate Linear Failure Rate 
Distribution”, Int. J. Stat. Magt. Syst., vol. 6, no. 1-2, pp. 73-84, 
2011.        
[37] A.M. Sarhan, D.C. Hamilton, B. Smith and D. Kundu, “The bivariate 
generalized linear failure rate distribution and its multivariate 
extension”, Comput. Stat. Data Analy., vol. 55, no. 1, pp. 644-654, 
2011.     
[38] I. Elbatal, F. Merovci and W. Marzouk, “McDonald generalized 
linear failure rate distribution”, Pak. J. Stat. Oper. Res., vol. 10, no. 
3, pp. 267-288, 2014.  
[39] E.B. Jamkhaneh, “Modified generalized linear failure rate 
distribution: Properties and reliability analysis”, Int. J. Indust. 
Engine. Comput., vol. 5, pp. 375-386, 2014.          
[40] A.H. Khan and T.R. Jan, “The New Modified Generalized Linear 
Failure Rate Distribution”, J. Stat. Appl. Pro. Lett., 3(2), 83-95, 
2016.                             
INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING Volume 12, 2018 
ISSN: 1998-4464 602
 [41] A.A. Jafari and E. Mahmoudi, “Beta-Linear Failure Rate Distribution 
and its Applications”,  JIRSS, vol. 14, no. 1, pp. 89-105, 2015.   
[42] M.E. Ghitany and S. Kotz, “Reliability properties of extended linear 
failure-rate distributions”, Prob. Engine. Inform. Sci., vol. 21, no. 3, 
pp. 441-450, 2007.                                    
[43] R. Roozegar and A.A. Jafari, “On Bivariate Generalized Linear 
Failure Rate-Power Series Class of Distributions”, Iranian J. Sci. 
Tech. Transac. A: Sci., vol. 41, no. 3, pp. 693-706, 2017.  
[44] I. Elbatal, “Kumaraswamy generalized linear failure rate 
distribution”,  Indian J. Comput. Appl. Math., vol. 1, no. 1, pp. 61-
78, 2013.  
[45] M.R. Kazemi, A.A. Jafari and S. Tahmasebi, “An extension of the 
generalized linear failure rate distribution”, Comm. Stat.Theo. Meth., 
vol. 46, no. 16, pp. 7916-7933, 2017.              
[46] S.S. Harandi and M.H. Alamatsaz, “Generalized linear failure rate 
power series distribution”, Comm. Stat.Theo. Meth., vol. 45, no. 8, 
pp. 2204-2227, 2016. 
[47]  G.M. Cordeiro, E. Ortega and A. Lemonte, “The Poisson generalized 
linear failure rate model”, Comm. Stat.Theo. Meth., vol. 44, no. 10, 
pp. 2037-2058, 2015. 
[48] B.O. Oluyede, I. Elbatal and S. Huang, “Beta Linear Failure Rate 
Geometric Distribution with Applications”, J. Data Sci., vol. 14, no. 
2, pp. 317-345, 2016. 
[49] L.J. Bain, “Analysis for the linear failure-rate life-testing 
distribution”, Technometrics, vol. 16, no. 4, pp. 551-559, 1974.      
[50] S.O. Edeki , A.A. Opanuga, H.I. Okagbue , G.O. Akinlabi, S.A. 
Adeosun and A.S. Osheku, “A Numerical-computational technique 
for solving transformed Cauchy-Euler equidimensional equations of 
homogenous type”, Advanced Studies Theor. Physics, vol. 9, no. 2, 
pp. 85-92, 2015.   
[51] A.A. Opanuga, H.I. Okagbue, O.O. Agboola “Application of Semi-
Analytical Technique for Solving Thirteenth Order Boundary Value 
Problem,” In Lecture Notes in Engineering and Computer Science: 
Proceedings of The World Congress on Engineering and Computer 
Science 2017, 25-27 October, 2017, San Francisco, U.S.A., pp 145-
148.   
[52] A.A. Opanuga, E.A. Owoloko, H.I. Okagbue, “Comparison 
Homotopy Perturbation and Adomian Decomposition Techniques for 
Parabolic Equations,” In Lecture Notes in Engineering and Computer 
Science: Proceedings of The World Congress on Engineering 2017, 
5-7 July, 2017, London, U.K., pp. 24-27.      
[53] A.A. Opanuga, E.A. Owoloko, H. I. Okagbue, O.O. Agboola, "Finite 
Difference Method and Laplace Transform for Boundary Value 
Problems," In Lecture Notes in Engineering and Computer Science: 
Proceedings of The World Congress on Engineering 2017, 5-7 July, 
2017, London, U.K., pp. 65-69.  
[54] T.A. Anake, D.O. Awoyemi and A.O. Adesanya, “One-step implicit 
hybrid block method for the direct solution of general second order 
ordinary differential equations”, IAENG Int. J. Appl. Math., vol. 42, 
no. 4, pp. 224-228, 2012.  
[55] A.A. Opanuga, E.A. Owoloko, O.O. Agboola, H.I. Okagbue, 
"Application of Homotopy Perturbation and Modified Adomian 
Decomposition Methods for Higher Order Boundary Value 
Problems," Lecture Notes in Engineering and Computer Science: 
Proceedings of The World Congress on Engineering 2017, 5-7 July, 
2017, London, U.K., pp. 130-134.        
[56] S.O. Edeki , E.A. Owoloko , A.S. Osheku , A.A. Opanuga , H.I. 
Okagbue and G.O. Akinlabi, “Numerical solutions of nonlinear 
biochemical model using a hybrid numerical-analytical technique”, 
Int. J. Math. Analysis, vol. 9, no. 8, pp. 403-416, 2015.   
[57] A.A. Opanuga , S.O. Edeki ,  H.I. Okagbue and  G.O. Akinlabi, 
“Numerical solution of two-point boundary value problems via 
differential transform method”, Global J. Pure Appl. Math., vol. 11, 
no. 2, pp. 801-806, 2015. 
[58] A.A. Opanuga, S.O. Edeki, H.I. Okagbue and G. O. Akinlabi, “A 
novel approach for solving quadratic Riccati differential equations”, 
Int. J. Appl. Engine. Res., vol. 10, no. 11, pp. 29121-29126, 2015. 
[59]  A.A. Opanuga, S.O. Edeki, H.I. Okagbue, S.A. Adeosun and M.E. 
Adeosun, “Some Methods of Numerical Solutions of Singular System 
of Transistor Circuits”, J. Comp. Theo. Nanosci., vol. 12, no. 10, pp. 
3285-3289, 2015.  
[60] O.O. Agboola, A.A. Opanuga and J.A. Gbadeyan, “Solution of third 
order ordinary differential equations using differential transform 
method”, Global J. Pure Appl. Math., vol. 11, no. 4, pp. 2511-2516, 
2015. 
[61] A. A. Opanuga, H. I. Okagbue, E. A. Owoloko and O. O. Agboola, 
Modified Adomian Decomposition Method for Thirteenth Order 
Boundary Value Problems, Gazi Uni. J. Sci., vol. 30, no. 4, pp. 454-
461, 2017.   
[62] H.I. Okagbue, M.O. Adamu, T.A. Anake, “Ordinary Differential 
Equations of the Probability Functions of Weibull Distribution and 
their application in Ecology”, Int. J. Engine. Future Tech., vol. 15, 
no. 4, pp. 57-78, 2018. 
[63] H.I. Okagbue, P.E. Oguntunde, A.A. Opanuga, B. Ajayi, “Classes of 
Ordinary Differential Equations Obtained for the Probability 
Functions of inverse Rayleigh Distribution”. Lecture Notes in 
Engineering and Computer Science: Proceedings of The 
International MultiConference of Engineers and Computer Scientists 
2018, 14-16 March, 2018, Hong Kong, pp. 123-127. 
[64] H.I. Okagbue, M.O. Adamu, T.A. Anake, P.E. Oguntunde, “Classes 
of Ordinary Differential Equations Obtained for the Probability 
Functions of Kumaraswamy Inverse Rayleigh Distribution”. Lecture 
Notes in Engineering and Computer Science: Proceedings of The 
International MultiConference of Engineers and Computer Scientists 
2018, 14-16 March, 2018, Hong Kong, pp. 150-156. 
[65] H.I. Okagbue, M.O. Adamu, T.A. Anake, A.A. Opanuga, “Classes of 
Ordinary Differential Equations Obtained for the Probability 
Functions of Kumaraswamy Distribution”. Lecture Notes in 
Engineering and Computer Science: Proceedings of The 
International MultiConference of Engineers and Computer Scientists 
2018, 14-16 March, 2018, Hong Kong, pp. 172-178. 
[66] H.I. Okagbue, P.E. Oguntunde, A.A. Opanuga, P.O. Ugwoke, 
“Classes of Ordinary Differential Equations Obtained for the 
Probability Functions of Kumaraswamy Kumaraswamy Distribution”. 
Lecture Notes in Engineering and Computer Science: Proceedings of 
The International MultiConference of Engineers and Computer 
Scientists 2018, 14-16 March, 2018, Hong Kong, pp. 207-213. 
[67] H.I. Okagbue, T.A. Anake, M.O. Adamu, S.A. Bishop, “Classes of 
Ordinary Differential Equations Obtained for the Probability 
Functions of Levy Distribution”, Lecture Notes in Engineering and 
Computer Science: Proceedings of The International 
MultiConference of Engineers and Computer Scientists 2018, 14-16 
March, 2018, Hong Kong, pp. 225-230. 
                                                                                                                                                                                                                                                                                                                                           
                        
                        
                        
                        
                        
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING Volume 12, 2018 
ISSN: 1998-4464 603
